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Hydrofluoric Acid Scavenger /- 

The present invention relates to electrochemical cells 
comprising an additive, in particular to electrochemical cells 
5 such as double layer capacitors and lithium batteries 
comprising a hydrofluoric acid scavenging additive. 

The development of capacitor technology based on the principle 
of energy storage in the electrochemical double layer formed at 

10 the interface between an ion-conducting phase, i.e. the 
electrolyte,- and an electron-conducting phase, i.e. the 
electrode, has provided capacitors of extremely high 
capacitance. Such capacitors are usually referred to as double 
layer capacitors, supercapacitors, electrochemical capacitor or 

15 ultracapacitors . Such capacitors will below be referred to as 
double layer capacitors. 

Traditionally, double layer capacitors have electrode 
structures comprising high surface area active carbons, and 

20 non-aqueous electrolytes, the electrochemical double layer 
being formed at the interface therebetween. Compared to 
batteries, in double layers capacitors there is no mass 
transport across the electrode-electrolyte interfaces, and 
double layer capacitors can be charged and discharged tens of 

25 thousands of times. 

The lithium-ion battery is based on a transition metal oxide 
positive electrode, a carbon or graphite negative electrode and 
a non-aqueous lithium ion conducting electrolyte. The active 
30 lithium of the. lithium-ion battery is provided from the 
positive electrode, which traditionally comprises lithium 
cobalt oxide, LiCo0 2 , lithium nickel oxide, LiNi0 2 , or lithium 
manganese oxide spinel, LiMn 2 0 4 . 

35 Upon initial charging of the battery, lithium is deintercalated 
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from the positive electrode and intercalated in the carbon or 
graphite structure of the negative electrode. Accordingly, no 
free lithium metal exists in the battery, neither during 
manufacture nor during operation. The fact that the battery can 
5 be manufactured under ambient conditions along with improved 
safety are the main advantages of the lithium-ion technology 
over the traditional lithium metal battery technology. 

Still, however, the double layer capacitor as well as the 
1-0 lithium-ion battery are sensitive to humidity, and impurities 
such as traces of acid and water, e.g. on electrode surfaces, 
are issues which should be addressed. In particular, fluoro- 
containing electrolyte ' salts such as lithium 
hexaf luorophosphate, LiPF 6 , and lithium tetraf luoroborate, 
15 j LiBF 4 , and their tetraalkylammonium equivalents, which are 
among the preferred salts, are known to decompose, forming 
phosphorus pentaf luoride and boron trifluoride, respectively. 
With LiPF 6 , the reaction is: 

20 LiPF 6 - LiF + PF 5 (1) 

The phosphorus pentaf luoride thus formed may react with traces 
of water to form hydrofluoric acid: 

25 PF 5 + H 2 0 - 2HF + POF 3 (2) 

Although other acids may exist in the electrochemical cell, the 
hydrofluoric acid is a key compound as it may react in a number 
of ways, which are all detrimental to continued cell 
30 performance. Accordingly, upon electrochemical reduction, 
hydrogen gas may be formed: 

2H + + 2e" - H 2 ■ (3) 

35 Upon formation of hydrogen, the cell may loose its mechanical 
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integrity and eventually vent. 



Alternatively, hydrogen gas may be formed from the chemical 
reaction between hydrofluoric acid and non-noble metal parts 
such as aluminium current collectors or wrappings of the cell: 

6HF ■+ 2A1 - 3H 2 . + 2A1F 3 or (4a) 

6HF + A1 2 0 3 - 3H 2 0 + 2A1F 3 (4b) 

The corrosion of key elements of the cell may as well lead to 
cell disfunction. Further, the water formed by (4b) may react 
continuously according to (2) maintaining the hydrofluoric 
acid chemistry cycle. 

In the battery, protons of hydrofluoric acid may react with a 
lithium manganese oxide positive electrode, partly dissolving 
this component: 

4H + + 2LiMn 2 0 4 - 2LI* + Mn 2+ + 2H 2 0 + 3Mn0 2 (5) 

Upon diffusion to the negative electrode, Mn 2+ species may be 
reduced to metallic manganese, reducing the capacity of the 
cell. At elevated temperature, e.g. at 40-50°C, which is the 
typical operation temperature range of the electrochemical 
cells in electronic devices, the above reaction schemes are 
even more pronounced. 

Thus, as hydrofluoric acid is a key compound in all of these 
reactions, a significant improvement of the cell performance is 
envisaged from an elimination of this compound. However, 
whereas the present invention ralates to the elimination of 
hydrofluoric acid, the same means may also serve to eliminate 
other acidic impurities. 



The traditional approach to hydrofluoric acid elimination har 
been the incorporation of carbonates in the cell components. 

Thus, US-A-5 707 760. to Valence Technology discloses an 
5 electrolyte containing carbonate additives such a lithium 
carbonate and calcium carbonate which act as an hydrofluoric 
acid scavenger to limit the availability of free hydrofluoric 
acid. Such carbonate .additives are cast from a polymeric slurry 
to form a polymeric electrolyte matrix, 

10 

Other patents describe the use of carbonate additives as well, 
however, aiming at other features associated with the use of 
such additives. US-A-4 913 988 to Eveready Battery Company 
discloses a cathode containing a minor amount of lithium 

15 carbonate and calcium hydroxide which provides a substantially 
. improved low temperature cell performance without sacrificing 
post high temperature performance, US-A-5 427 875 to Sony 
Corporation discloses a cell comprising a current breaking 
device, which is activated upon increases of the internal 

20 pressure. Thus, a lithium carbonate additive of the positive 
electrode decomposes releasing carbonic gas upon malfunction 
such as overcharging of the cell, thereby activating the 
current breaking device prior to supercharging or any other 
premature destruction of the cell. 

25 

Accordingly, the advantages of the carbonates in terms of 
hydrofluoric acid scavenging is counterbalanced by their high 
tendency of gassing upon overcharging, i.e. the decomposition 
of carbonates may occur also during otherwise non-destructive 
30 operation of the cell. 

As alternative to the carbonate hydrofluoric acid scavengers 
oxalates may be applied. 

35 A number of patents describe the use of oxalate additives, 
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however, aiming at other features associated with the use of 
such additives. JP-A-09 180 758 to Fuji Photo Film Company, 
Ltd*, discloses a non-aqueous electrochemical cell, which 
contains as a salt additive in its positive electode, in its 
5 negative electrode, in its electrolyte or in any void of the 
cell a carbonate, an oxalate, a nitrate, an acetate, a 
phosphate or a borate of lithium, sodium, potassium, cerium, 
magnesium, calcium, barium or manganese. Upon overchanging, the 
additive decomposes and activates protective circuits, 
10 however, the , additive also provides improved cycling 
performance. 

JP-A-07 254 436 to Fuji Electrochemical Company, Ltd., 
discloses a battery containing lithium oxalate, which during 
15 initial charging and discharging releases gaseous products. JP- 
A-04 329 269 to Sony Corporation, discloses a battery with a 
Li x M0 2 (M = transition metal, 0.05sx<1.10) cathode comprising 
0.1-15wt.% lithium oxalate. Upon overchanging, the oxalate 
decomposes, activating electrical current disconnecting means. 

20 ' 

Still, oxalates are less basic than carbonates, and thus less 
efficient in terms of hydrofluoric acid scavenging. 

Therefore, there is still a need for an efficient hydrofluoric 
25 acid scavenger to be used in electrochemical cells, which shows 
little tendency to decomposition. 

Thus, it is the objective of the present invention to provide 
a hydrofluoric acid scavenger for electrochemical cells with 
30 f luoro-containing electrolyte salts, which has a high 
gravimetric scavenging capacity, which has a high basicity, 
which form insoluble compounds upon reaction with hydrofluoric 
acid and which shows little tendency to decomposition at the 
high potentials which exist at the positive electrode of non- 
35 aqueous electrochemcial cells. 
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From a comprehensive study of the scavenging properties of ? 
high number of inorganic scavengers it has now been found, that 
those scavengers comprising a mixture of oxalates, i.e salts of 
oxalic acid, and carbonates, i.e salts of carbonic acid, fulfil 
5 the above objective. It was found, that the mixtures inhibit 
the corrosion of metallic copper components and the electrolyte 
decomposition. Surprisingly it was found, that the mixtures did 
not decompose, even at potential as high 5.0V vs. Li/Li*. 

10 Although not fully understood, the carbonates in the mixture 
seem synergistically stabilised by the presence of oxalate; 
while retaining their good scavenging properties, they show 
reduced tendency of decomposition. The oxalate in itself 
further contributes to the scavenging capacity of the mixture. 

Thus, the present invention provides a non-aqueous electrolyte 
electrochemical cell such as a double layer capacitor or a 
battery, which comprises as a hydrofluoric acid scavenging 
additive a mixture of a salt of oxalic acid and a salt of 
20 carbonic acid. This mixture is referred to herein as a mixture 
of an oxalate and a carbonate. 

Upon formation of hydrofluoric acid by electrolyte salt 
decomposition, the oxalate and carbonate act as a scavenger for 
25 protons as well as for fluoride ions, e.g. the oxalate reacts 
with the protons of hydrofluoric acid to form oxalic acid: 

C 2 0 4 2 ~ + H + - C 2 0 4 H" (6a) 

30 C 2 0 4 H" + H + - C 2 0 4 H 2 (6b) 

Further, the cations of the oxalate and carbonate salt, e.g. 
Li\ from lithium oxalate, react with the fluoride ions of 
hydrofluoric acid to form LiF, which is barely soluble in the 
35 electrolyte: 
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Li + + F" - LiF(I) 



(7) 



As described in further detail in the examples, the synergistic 
effect of the mixture is mirrored in the cell performance. 
5 Cells with oxalate additive show slightly improved cyclability 
over blank cells, whereas cells with carbonate additive show 
significantly improved cyclability, however, poorer rate 
capability, presumably due to gas formation in the electrode 
structures. Cells with a mixture of oxalate and carbonate 
10 display the cyclability of carbonate cells and the rate 
capability of oxalate or blank cells, presumably due to reduced 
gas formation of the mixture of the invention. 

None of the above cited patents teach anything about a mixture 
15 of oxalates and carbonates and the advantages thereof. 

The oxalate of the mixture of the present invention may be any 
oxalate forming a sparingly soluble fluoride. In a preferred 
embodiment of the invention the oxalate is an oxalate of an 

20 alkali metal, an alkaline-earth metal or a tetraalkylammonium. 
In a further preferred embodiment of the invention the oxalate 
for use in batteries is lithium or calcium oxalate, more 
preferably lithium oxalate. In a further preferred embodiment 
of the invention the oxalate for use in double layer capacitors 

25 is tetraethylammonium or tetrabutylammonium oxalate, more 
preferably tetraethylammonium oxalate. 

The carbonate of the mixture of the present invention may be 
any carbonate forming a sparingly soluble fluoride. In a 

30 preferred embodiment of the invention the carbonate is a 
carbonate of an alkali metal, an alkaline-earth metal or a 
tetraalkylammonium. In a further preferred embodiment of the 
invention the carbonate for use in batteries is lithium or 
calcium carbonate, more preferably lithium carbonate. In a 

35 further preferred embodiment of the invention the carbonate for 
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use in double layer capacitors is tetraethylammonium or 
tetrabut.ylammonium carbonate, more preferably 
tetraethylammonium carbonate. 

') 

5 In a preferred embodiment the mixture for use in batteries 
consists of lithium oxalate and lithium carbonate. 

In a preferred embodiment the mixture for use in double layer 
capacitors consists of tetraethylammonium oxalate and 
10 tetraethylammonium carbonate* 

In a preferred embodiment the hydrofluoric acid scavenger is a 
mixture of 5-80% by weight of oxalate and 20-95% by weight of 
carbonate. In a further preferred embodiment the mixture 
15 comprises 20-60% by weight of oxalate and 40-80% of carbonate. 

Although hydrofluoric acid originates from decomposition of the 
electrolyte and as such is mainly located in this component, 
the acid distributes all over the cell compartment. 
20 Accordingly, the hydrofluoric acid scavenger may be situated in " 
one or more of the cell components, in particular in the 
electrolyte, in the positive electrode structure, in the 
negative structure or being incorporated in the packaging 
laminate of the cell. 

25. 

In one embodiment of the invention the mixture is distributed 
in the electrolyte, preferably in an amount- in the range 0.01- 
10% by weight of the electrolyte. Such distribution of the 
mixture provides efficient scavenging of the hydroflouric acid 
30 upon salt decomposition. 

In another embodiment of the invention the mixture is 
distributed in the positive^ electrode structure, preferably in 
an amount in the range 0.05-10% by weight of the positive 
35 electrode active material. Such distribution of the mixture 
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provides efficient protection against corrosion of the positive 
electrode active material. 

In another embodiment of the invention the mixture is 
5 distributed in the negative electrode structure, preferably in 
an amount in the range 0.05-10% by weight of the negative 
electrode active material. Such distribution of the mixture 
provides efficient protection against corrosion of the negative 
electrode current collector, 

10 

In another embodiment of the invention the mixture is 
distributed in one or more of the polymeric layers of the 
packaging laminate of the cell, preferably in the sealing layer 
of the packaging laminate. Preferably the additive is present 
15 in the polymeric layer in an amount in the range 0.05-10% by 
weight of ■ said polymeric layer. Such distribution of the 
mixture provides efficient protection against corrosion of the 
any metallic foils of the packaging laminate. ■ 

20 Incorporation of additives in the packaging laminate is 
described in US-A--5 445 856 to Benjamin Chaloner-Gill, which 
discloses a multilayer laminate for protective covering of 
electrochemical cells, such laminate having an oxygen scavenger 
incorporated in or between the polymeric layers of the 

25 laminate. The oxygen scavenger of this patent is selected from 
. the group of oxides, carbides, carbonates, sulfites, carbonyls 
and silicides. The patent, however, does not teach anything on 
the use of the advantageous mixtures of oxalates and 
carbonates. 

30 

Whereas the mixture of oxalate and carbonate of the present 
invention is provided with the main purpose of elimination of 
hydrofluoric acid, they may equally well eliminate other acidic 
impurities. Thus, the oxalate and carbonate hydrofluoric acid 
35 scavengers of the present invention may be applied in any 
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electrochemical cell in which hydrofluoric acid or any othe*" 
acid may be formed. 

In a preferred embodiment of the invention the mixture of 
5 oxalate and carbonate is applied in an electrochemical cell, in 
which the electrolyte is a non-aqueous electrolyte comprising 
non-aqueous solvents such as organic carbonates or cyclic 
esters, in particular ethylene carbonate, propylene carbonate, 
dimethyl carbonate, diethyl carbonate and ethylmethyl 

10 carbonate, ykutyrolactone and mixtures thereof. Most 
preferably, the electrolyte solvent is a mixture of ethylene 
carbonate and diethyl carbonate, in particular for use in 
batteries, or y-butyrolactone, in particular for use in double 
layer capacitors, those most preferred electrolyte solvent 

15 compositions being compositions, in which the mixture has 
proven particularly successful. 

In another preferred embodiment of the invention the mixture of- 
oxalate and carbonate is applied in an electrochemical cell, in 

20 particular a battery, in which the electrolyte salt is lithium, 
hexafluorophosphate or lithium tetraf luoroborate or a mixture 
thereof. In a further preferred embodiment the electrolyte salt 
is a mixture of lithium hexaf luoroposphate or lithium 
tetraf luoroborate, the former being present in a concentration 

25 in the range 0.1-1.0M, more preferably 0.2-0.5M, the latter 
being present in a concentration in the range 0.2-1. 0M, more 
. preferably 0.4-0.7M. 

In another preferred embodiment of the invention the mixture of 
30 oxalate and carbonate is applied in an electrochemical cell of 
the double layer capacitor type, in which the electrolyte salt 
is', selected from the group of tetramethylammonium 
tetraf luoroborate, - tetraethylammonium tetraf luoroborate, 
tetrabutylammonium tetraf luoroborate , tetramethylammonium 
35 hexafluorophosphate, tetraethylammonium hexafluorophosphate and 
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t etr abut yl ammonium hexaf luorophosphate , preferably 
tetraethylammonium tetraf luoroborate . 

In another preferred embodiment of the invention the mixture of 
5 oxalate and carbonate is applied in an electrochemical cell, 
the electrolyte system of which comprises a polymeric component 
as well, preferably of the polyvinylidene fluoride type. The 
electrolyte may be contained in a porous separator, preferably 
of polyethylene or polypropylene. 

10 

In still another preferred embodiment of the invention, the 
mixture of oxalate and carbonate is applied in an 
electrochemical cell of the battery type, in which the negative 
electrode structure is a lithium containing structure, 
15 preferably a lithium metal structure, a lithium-alloy structure 
like lithium-aluminium or a carbon structure with intercalated 
lithium. Most preferably, the negative electrode structure is 
a graphite structure. 

20 In a further preferred embodiment of the invention, the mixture 
of oxalate and carbonate is applied in an electrochemical cell 
of the battery type, in which the positive electrode structure 
is a lithium transition metal oxide, preferably a li'hium 
manganese oxide spinel, a lithium cobalt oxide or a lithium 

25 nickel oxide, more preferably a lithium manganese oxide spinel, 
most preferably a lithium manganese oxide spinel of the 
composition Li 1+x Mn 2 . x 0 4+6/ in which 0 . OOsxsO . 10 and -0. 02*5^0 . 06. 

The mixture of oxalate and carbonate has proven particularly 
30 successful when applied in electrochemical cells of the 
lithium-ion battery type, the negative electrode structure 
being a graphite and the positive electrode being a lithium 
manganese oxide spinel, the electrolyte comprising organic 
carbonates with lithium hexaf luorophosphate, lithium 
35 tetraf luoroborate or a mixture thereof. 



11 



In still another embodiment of the invention the mixture of 
oxalate and carbonate is applied in an electrochemical cell of 
the double layer capacitor type, in which the positive 
electrode structure and/or the negative electrode structure 
5 comprise a high surface area active carbon. 

The invention is illustrated by the following examples in which 
reference is made to the accompanying drawings. In the 
drawings : 

10 

Figure 1 shows capacity vs. cycle number for the cell of 
Example 2; 

Figure 2 shows capacity vs. cycle number for the cell of 
Comparative Example 2a; 
15 Figure 3 shows capacity vs. cycle number for the cell of 
Comparative Example 2b; 

Figure 4 shows capacity vs. cycle number for the cell of 
Comparative Example 2c. 

20 

Electrolyte stabilisation: 
Example 1: 

25 3.4mg of 15p copper foil (0.25 cm 2 ) was added to a glass vial 
containing 4ml of an electrolyte solution, 1M LiPF 6 in 50:50 by 
weight of ethylene carbonate and diethyl carbonate. O.lg of a 
2:1 by weight mixture of lithium carbonate and lithium oxalate 
was added. The vial was sealed with a polypropylene lid in 

30 argon atmosphere and stored at 50°C for 20 days. Changes of 
the electrolyte appearance were observed visually. At end of 
experiment, the copper and the electrolyte were unchanged, and 
no gassing was observed. 

35 Comparative example la: 
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An experiment similar to the above example 1 was conducted, 
however, substituting O.lg of lithium carbonate for the O.lg of 
2:1 by weight mixture of lithium carbonate and lithium oxalate. 
At end of experiment t the copper and the electrolyte were 
5 unchanged, however, substantial gassing was observed. 

Comparative example lb: 

An experiment similar to the above example 1 was conducted, 
10 however, substituting O.lg of lithium oxalate for the O.lg of 
2:1 by weight mixture of lithium carbonate and lithium oxalate. 
At end of experiment, the copper was slightly coloured as was 
the electrolyte, however, no gassing was observed, 

15 Comparative example 1c: 

An experiment similar to the above example 1 was conducted, 
however, no lithium carbonate or lithium oxalate was added. At 
end of experiment, the copper was corroded, the electrolyte 
20 darkly coloured. Little gassing was observed. 

Cell performance: 

Example 2: 

25 

Composite positive electrode structures were prepared by mixing 
82 % by weight of lithium manganese oxide, LiMn 2 0„, 3% by weight 
of a 2:1 by weight of a mixture of lithium, carbonate and 
lithium oxalate, 10 % by weight of Shawinigan Black and 5 % by 
30 weight of EPDM binder in an organic solvent. The mixture was 
treated in a ball mill for 17 hours until a uniform ink was 
formed. Electrodes were made by screen printing onto aluminum 
current collectors. Subsequently, excess solvent was evaporated 
and the electrodes were dried at about 50°C for 16h. 

35 



13 



A graphite negative electrode was prepared in a similar manr.e: 
by milling a mixture of 86% by weight of KS15 from Lonza, 10% 
by weight of Shawinigan Black as conductive carbon diluent and 
4% by weight of EPDM as binder. The negative electrode ink was 
5 screen printed onto copper foil current collectors. 

A lithium-ion battery was prepared from the above electrodes, 
separated by a porous Celgard separator soaked in 1M LiP? 5 in 
1:1 by volume EODEC electrolyte. The battery was sealed in a 
10 three layer packaging laminate comprising a polyester carrier 
layer, an aluminium barrier layer and an ethylene-acrylic acid 
copolymer sealing layer. The battery was tested under 
galvanostatic charging-discharging to 4.2V and 2.5V, 
respectively, at 1C rate. 

15 

From figure 1, which shows the capacity vs. cycle number, it is 
observed, that the 2 nd discharge displays 93% of the I s ' 
discharge capacity, whereas more than 92% of the capacity is 
retained after 20 cycles. The 10 th cycle, which was carried cut 

20 at C/5 rate, displayed 96% of the original capacity. 
Accordingly, following the 7% loss between 1 5C and 2 nd cycle, the 
capacity dropped by only 1% between' the 2 nci and 20 ch cycle. 
Further, the capacity at 1C rate was only approximately 4% 
lower than the C/5 rate capactity, mirroring the good 

25 cyclability and rate capability of the battery. 

Comparative example 2a: 

.A battery similar to the battery of the above example 2 was 
30 prepared, however, substituting 3% by weight of lithium 
carbonate for the 3% by weight of a 2:1 by weight of a mixture 
of lithium carbonate and lithium oxalate. 

From figure 2, which shows the capacity vs. cycle number, it is 
35 observed, that the 2 nd . discharge displays 91% of the l 5 - 
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discharge capacity, whereas 88% of the capacity is retained 
after 20 cycles. The 10 th cycle, which was carried out ax. C/5 
rate, displayed 96% of the original capacity. Accordingly, 
following the 9% loss between l 3t and 2 nd cycle, the capacity 
5 dropped by 3% between the 2 nd and 20 th cycle. Further, the 
capacity at 1C rate was approximately 8% lower than the C/5 
rate capacity. Compared to the battery af example 2, the 
overall capacity level between the 2 nd and 20 th cycle is lower 
for this battery. Further, the C/5-1C capacity ratio is 
10 higher, mirroring the poorer rate capability of the carbonate 
battery, which is ascribed to gas formation and subsequent 
poorer utilisation of the electrode structure capacities. The 
cyclability, however, is only slightly poorer than for the 
battery of example 2. 

15 

Comparative example 2b: 

A battery similar to the battery of the above example 2 was 
prepared, however, substituting 3% by- weight of lithium oxalate 
20 for the 3% by weight of a 2:1 by weight of a mixture of lithium 
carbonate and lithium oxalate. 

From figure 3, which shows the capacity vs. cycle number, it is 
observed, that the 2 nd discharge displays 89% of the 1 5C 

25 discharge capacity, whereas only 84% of the capacity is 
retained after 20 cycles. The 10 th cycle, which was carried out 
at C/5 rate, displayed 92% of the original capacity. 
Accordingly, following the 11% loss between 1 st and 2 nd cycle, 
the capacity dropped by 6% between the 2 nd and 20 ch cycle. 

30 Further, the capacity at 1C rate was approximately 6% lower 
than the C/5 rate capacity. Thus, the oxalate battery has a 
poorer capacity (2 nd to 20" h cycle) and cyclability than the 
above batteries. Compared to the battery of comparative example 
2a, however, the C/5-1C capacity ratio is higher, indicating a 

35 slightly better rate capability, which is ascribed to reduced 
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gas formation compared to the carb6nate battery. 

Comparative example 2c: 

5 A battery similar to the battery of the above example 2_, was 
prepared, however, applying a composite positive electrode 
structure from a mixture of 85 % by weight of lithium 
manganese oxide, LiMn 2 0 4 , 10 % by weight of Shawinigan Black and 
5 % by weight of EPDM binder in an organic solvent, i.e. this 
10 positive electrode structure contained neither lithium 
carbonate nor lithium oxalate. The battery was sealed in a 
three layer packaging laminate comprising a polyester carrier 
layer, an aluminium barrier layer and an ethylene-acrylic acid 
copolymer sealing layer. 

15 

From figure 4, which shows the capacity vs. cycle number, it is 
observed, that the 2 nd discharge displays only 84% of the l sc 
discharge capacity, whereas 58% of the capacity is retained' 
after 20 cycles. The 11 th and 12 th cycle, which were carried out 

20 at C/5 rate, displayed 79-81% of the original capacity. - 
Accordingly, following the 16% loss between l sc and 2 nd cycle, 
the capacity dropped by another 31% between the 2 nd and 20 th 
cycle. Further, the capacity at 1C rate was approximately 15% 
lower than the C/5 rate capacity. Thus, this battery with no 

25 hydrofluoric acid scavenger showed a poorer performance than 
any of the other batteries, in terms of capacity, , cyclability 
as well as rate capability. Some gassing is observed for the 
battery of this example as well, which is ascribed to hydrogen 
from reduction of hydrofluoric acid. ^ 

30 

Example 3 : 

Composite positive electrode structures were prepared by mixing 
85 % by weight of lithium manganese oxide, LiMn 2 0 4 ', 10 % by 
35 weight of Shawinigan Black and 5 % by weight of EPDM binder in 
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an organic solvent. The mixture was treated in a ball mill for 
17 hours until a uniform ink was formed. Electrodes were made 
by screen printing onto aluminum current collectors. 
Subsequently, excess solvent was evaporated and the electrodes 
5 were dried at about 50°C for 16h. 

A graphite negative electrode was prepared as described in 
example 2. 

10 A lithium-ion battery was prepared from the above electrodes, 
separated by a porous Celgard separator soaked in 1M Li?F 5 in 
1 : 1 by volume EC-DEC electrolyte, containing 1% by weight of a 
2 : 1 by weight mixture of lithium carbonate and lithium oxalate. 
The battery was sealed in a three layer packaging laminate 

15 comprising a polyester carrier layer, an aluminium barrier 
layer and an ethylene-acrylic acid copolymer sealing layer. The 
battery was tested under galvanostatic charging-discharging to 
4.2V and 2,5V, respectively, at 1C rate. 

20 Such a battery had a performance in terms of capacity, 
cyclability and rate capability which closely resembled that of 
the battery of example 2. Accordingly, the battery performance 
was superior to the performance of the battery of comparative 
example 2c, which did not contain any lithium carbonate and 

25 lithium oxalate in the electrolyte phase. 

Example 4 : 

A battery was prepared similar to the battery of comparative 
30 example 2c, however, substituting in the packaging, laminate a 
coextruded three-layer structure comprising an ethylene-acrylic 
acid copolymer layer, an ethylene-acrylic acid copolymer layer 
with 10% by weight of a 2:1 by weight mixture of lithium 
carbonate and lithium oxalate and an ethylene-acrylic acid 
35 copolymer layer for the one layer of ethylene-acrylic acid 
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copolymer. 

Such a battery had a performance in terms of capacity, 
cyclability and rate capability which was only slightly poorer 
5 than the performance of the battery of example 2, however, 
significantly better than the performance of the battery of 
comparative example 2c. Accordingly, the battery performance 
was superior to the performance of the battery of comparative 
example 2c, which did not contain any lithium carbonate and 
10 lithium oxalate in the packaging laminate. 

Example 5 : 

Electrode structures for a double layer capacitor were prepared 
15 from a mixture of 14% by weight of polyvinyl butyral from 
Hoechst, which was dissolved in Dowanol PMA (propylene glycol 
methyl ether acetate) from Dow Chemicals and 83% by weight of 
active carbon 4S from CECA of France and 3% of a mixture of 2:1 
by weight of a mixture of lithium carbonate and lithium 
20 oxalate. The mixture was milled in a pearlmill for 60 min. 
before coating onto an aluminium foil. 

The double layer capacitor laminate was produced by sandwiching 
between two of the above structure laminates a 20pm porous 
25 polyethylene separator. The double layer capacitor laminate was 
impregnated with 1 ml of an electrolyte solution prepared by- 
dissolving 50 g of tetraethylammonium tetraf luoroborate in 200 
ml of y~butyrolactone . 

30 The double layer capacitor was charged and discharged between 
2.5V and 1.5V. Following 100,000 charge and discharge cycles, 
the capacitance was reduced by 12% compared to the initial 
capacity, whereas the impedance was increased by 18% compared 
to the initial impedance. 

35 
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Comparative example 5a: 

A double layer capacitor was prepared similar to example 5, 
- however, using an electrode mixture of 14% by weight of 
5 polyvinyl butyral and 8 6% by weight of active carbon 4S from 
CECA, i.e. without any lithium carbonate or lithium oxalate. 

Following 100,000 charge and discharge cycles of this 
capacitor, the capacitance was reduced by 20% compared to the 
10 ' initial capacity, whereas the impedance was increased by 46% 
compared to the initial impedance. The poorer performance 
retention of this capacitor compared to the capacitor of 
example 5 was ascribed to electrolyte decomposition, gassing 
and corrosion. 
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Claims : 



1. A electrochemical cell comprising positive and negative 
electrode structures and a non-aqueous electrolyte 

5 characterised in that the cell contains at least one salt 

of oxalic acid and at least one salt of carbonic acid as 
acid scavenging additive. 

2. A non-aqueous electrochemical cell according to claim 1, 
10 in which the salt of oxalic acid is selected from oxalates 

of alkali metals, an alkaline earth metal or a 
tetraalkylammonium. 

3. A non-aqueous electrochemical cell according to claim 2, 
15 which non-aqueous electrochemical cell is a non-aqueous 

battery and in which the salt of oxalic acid is selected 
from lithium oxalate and calcium oxalate, preferably 
lithium oxalate. 

20 4. ■ A non-aqueous electrochemical cell according to claim 2,' 
which non-aqueous electrochemical cell is a non-aqueous 
double layer capacitor and in which the salt of oxalic 
acid is selected from tetraethylammonium oxalate and 
tetrabutylammonium oxalate, preferably tetraethylammonium 

25 oxalate. 

5. A non-aqueous electrochemical cell according to claim 1, 
in which the salt of carbonic acid is selected from 
carbonates of alkali metals, an alkaline earth metal or a 

30 tetraalkylammonium. 

6. A non-aqueous electrochemical cell according to claim 5, 
which non-aqueous electrochemical cell is a non-aqueous 
battery and in which the salt of carbonic acid is selected 

35 from lithium carbonate and calcium carbonate, more 
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preferably lithium carbonate. 



7. A non-aqueous electrochemical cell according to claim 5, 
which non-aqueous electrochemical cell is a non-aqueous 
5 double layer capacitor and in which the salt of carbonic 

acid is selected from tetraethylammonium carbonate and 
tetrabutylammonium carbonate, more preferably 
tetraethylammonium carbonate. 

10 8. A non-aqueous electrochemical cell according to claim 1, 
which non-aqueous electrochemical cell is a non-aqueous 
battery, which comprises a mixture of lithium oxalate and 
lithium carbonate. 

15 9. A non-aqueous electrochemical cell according to claim 1, 
which non-aqueous electrochemical cell is a non-aqueous 
double layer capacitor, which comprises a mixture of 
tetraethylammonium oxalate and tetraethylammonium 
carbonate . 

20 

10. A non-aqueous electrochemical cell according to any of the 
preceding claims, in which the salt or salts of oxalic 
acid is/are present in an amount in the range 5-80% by 
weight, preferably 20-60% by weight, and the salt or salts 
25 of carbonic acid is/are present in an amount in the range 

20-95% by weight, preferably 40-80% by weight, relative to 
the sum of the weights of oxalates and carbonates. 

A non-aqueous electrochemical cell according to any of the 
preceding claims, in the which the salts of oxalic acid 
and carbonic acid are situated in the electrolyte phase of 
the cell in an amount in the range 0.01-10% by weight of 
the electrolyte 

35 12. A non-aqueous electrochemical cell according to any of the 
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claims 1-10, in the which the salts of oxalic acid an< 
carbonic acid are situated in the positive electrode 
structure in an amount in the range 0.05-10% by weight of 
the positive electrode structure. 

A non-aqueous electrochemical cell according to any of the 
claims 1-10, in the which the salts of oxalic acid and 
carbonic acid are situated in the negative electrode 
structure in an amount in the range 0.05-10% by weight of 
the negative electrode structure. 

A non-aqueous electrochemical cell according to any of the 
claims 1-10, in the which the salts of oxalic acid and 
carbonic acid are situated in the one or more of the 
polymeric layers of the packaging laminate of the cell in 
an amount in the range 0.05-10% by weight of this or these 
polymeric layer (s). 

A non-aqueous electrochemical cell according to claims 1- 
3, 5-6, 8 and 10-14, which non-aqueous electrochemical 
cell is a non-aqueous battery of the lithium-ion type, 
comprising a non-aqueous electrolyte, a negative electrode 
structure and a positive electrode structure. 

A non-aqueous electrochemical cell according to claim 15, 
in which the non-aqueous electrolyte comprises a mixture 
of ethylene carbonate and diethyl carbonate. 

A non-aqueous electrochemical cell according any of claims 
15 and 16, in which the electrolyte comprises lithium 
hexaf luorophosphate, lithium tetrafluoroborate or a 
mixture thereof. 

A non-aqueous electrochemical cell according to any of 
claims 15-17, in which lithium hexaf luoroposphate is 
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present in a concentration in the range 0.2-0. 4 5M and 
lithium tetraf luoroborate is" present in a concentration in 
the range 0.55-0.8M. 



5 19. A non-aqueous electrochemical cell according to any of 
claims 15-18, in which the negative electrode structure 
comprises a graphite. 

20. A non-aqueous electrochemical cell according to any of 
10 claims 15-19, in which the positive electrode structure 

comprises a lithium manganese oxide spinel, preferably a 
lithium manganese oxide spinel of the composition Li ; , x Mn 2 . 
x 0 4+6 , 0. OOsxsO. 10 and -0.02^5^0.06. 

15 21. A non-aqueous electrochemical cell according to claims 1- 
2, 4-5, 7 and 9-14, which non-aqueous electrochemical cell 
is a non-aqueous double layer capacitor, comprising a non- 
aqueous electrolyte, a negative electrode structure and a 
positive electrode structure. 

20 

22. A non-aqueous electrochemical cell according to claim 21, 
in which the non-aqueous electrolyte comprises y- 
butyrolactone . 

25 23. A non-aqueous electrochemical cell according any of claims 
21 and 22, in which the electrolyte comprises 
tetraethylammonium tetraf luoroborate . 

24. A non-aqueous electrochemical cell according to any of 
30 claims 21-23, in which the negative electrode structure 

and the positive electrode structures comprise a high 
surface area active carbon. 
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ABSTRACT 



Hydrofluoric Acid Scavenger 

5 The present invention relates to a non-aqueous electrolyte 
electrochemical cell such as a double layer capacitor or a 
battery, which comprises as a hydrofluoric acid scavenging 
additive a mixture of a salt of oxalic acid and a salt of 
carbonic acid. 
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